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Abstract— E waste production in great amounts and its
problems, which challenge the field of waste and environment
management stem from the increase in the production of
electronic appliances, diversity seeking consumers and perishable
products. The disposal of e waste into the environment is
hazardous as they contain chemicals. The conventional methods
of disposing these e wastes are irrelevant and have an adverse
effect on the environmental conditions which is threat to life.
Gold is one of the precious metals that can be extracted from the
e waste. The present work aim to extract gold from e waste by
aqua regia solution based hydro metallurgy method which
includes a sequence of process that starts from the treatment of
the e waste in HCL solution and ends up with the use of fire
assaying technology to get the piece of gold. The outcome of the
project successful with 0.05395gm of 23.76 karat and 99.01 %
purity of gold extracted. X ray method is used to check the purity
and karat of the gold.
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I. INTRODUCTION
Waste is an unwanted material from a manufacturing
process or unwanted substances from the community and
family activities. The material can be discarded or
accumulated or stored before recycling. The types of waste
include household waste, commercial waste, demolition
waste, hazardous waste as well as biomedical waste.
Hazardous waste include radioactive waste, explosive waste
and electronic waste. Biomass waste includes agricultural
waste.
Due to advances in technology, high speed development,
many electronic devices become "rubbish" after a few years
of use. In fact, an entire category of used electronic products
can be  e-waste, such as VCR is replaced by DVD players
and DVD players being replaced by Blu-ray player
.Electronic waste generated from any electronic products
such as Computers, televisions, monitors, mobile phones,
handheld computers, VCRs, CD players, fax machines,
printers and other Obsolete electronic equipment is rapidly
filling landfills worldwide. In the US alone, more than 100
million computers are thrown away and EPA estimates that
up to 60 million tones going to landfill each year.
The reprocessing of waste electronic and electrical
equipment (WEEE) has been developed all over the world
including developed countries such as America at the end of
20th century. Unfortunately the number of wastes
accumulated is more than the number of items reprocessed.
Many number of WEEE are shipped to countries like China,
Southeast Asia, India and Africa. Many of the items are
deposited in open dumps that badly effect our environment
and living condition of human beings. Moreover WEEE
contains elements such as lead, mercury, cadmium and
Beryllium with hazardous properties.
Table 1. E waste contains heavy metals that can be harmful to
human body (Slideshare, 2015)
The best way to deal with e waste is recycling in which
the precious materials present in the e waste can be extracted
and can be used as constituent material of new products so
that the material that needs to be extracted from earth gets
reduced. Reducing the mining also reduces pollution, mining
process, have an impact on our environment.
Stages of WEEE recycling includes collection, storage
and transport to the desired locations followed by the
processing that includes manual and mechanical processing.
The required material is separated, or purified and reduced
in size (depending on the desired end use), they are
converted, refined, or otherwise converted to the desired
product (1800ewaste, 2011). In most of the industrialised
sectors, the waste is collected at the vicinity of residence or
the resident has to hold their WEEE to a central collection
point.
The initial step of WEEE recovery is the assessment of
reuse value of it. Some of the components of a computer
assembly such as CPUs, recollection chips and drives can be
recognized for resale whereas other components can be
separated into main physical group that includes plastics,
ferrous metals, nonferrous metals, wire and supplementary
different components.
There are different method to extract gold from e waste
.first one is Pyro-metallurgy: In this procedure, the crushed
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gold encompassing scraps are blazed at elevated temperature
by smelting in a plasma arc furnace or blast furnace to
recoup gold from ores. Pyro-metallurgy has been used for
recovery of gold from consumed materials. One of the
disadvantages of this method is the huge investment required
for the smelters even though no alarming concerns with
respect to the environmental considerations.
Second one is Hydrometallurgy: The main steps in
hydrometallurgical processing encompass of a sequence of
acid or caustic leaches of gold encompassing material. This
process is followed by separation and purification
procedures. Hydrometallurgical procedure has gained
importance all over the world and majority of the gold is
extracted by this method. Cynide leaching has
environmental concerns which is substituted by leaching of
gold with thiourea and other leachants that has less
environmental concerns.
Another method of gold recovery is by Bio
hydrometallurgy that comprises bio oxidation and bio
sorption. Bio oxidation method is used to extract gold from
metallic sulphides by the use of bacterially assisted
reactions. Most of the gold extraction used in industries
follow this procedure. Bio-sorption procedure is a passive
physic-chemical contact amid the charged external clusters
of micro-organisms and ions in resolution, in that living as
well as dead organism can be used. Biosorption procedure
has its own advantages such as the process is ecofriendly,
low cost involved and minimize the chemical or biological
sludge. Living or dead biomass that encompass fungi,
bacteria, yeast and algae are used to extract gold from waste
water.
It is alarming to see that the amount of e waste increase
year by year in an alarming rate. Most of the e wastes
contain toxic materials such as lead and mercury that is
harmful for our environment. It is interesting to note that
three percent of gold and silver mined every year is used in
computers and mobile phones. According to the reports one
metric ton of e waste from PCBs and cell phone yield 340
gms of gold. This indicates the viability of extraction of gold
from e waste and the related economy for any one with large
scale recycling and extraction capacity (urban mining.2014).
II. LITERATURE REVIEW
(Natesh et. al., 2005) Electronic Industries is one of the
most developed sectors in India. But this increase in
electronic numbers led to the electronic waste. About 50%-
80% of this waste is exported to developing countries. This
waste contains a wide range of valuables, including gold,
silver, platinum metals. This explains the high quality and
value of the product containing these metals in e-waste that
led to much research to extract and reuse of these metals.
This research deals with the methodologies used to extract
gold .First one is Pyro-metallurgy which is a branch of
extractive metallurgy. It consists of the thermal treatment of
minerals and metallurgical ores and concentrates to bring
about physical and chemical transformations in the materials
to enable recovery of valuable metals. Second one is
hydrometallurgy which is a method for obtaining metals
from their ores. It is a technique within the field of
extractive metallurgy involving the use of aqueous
chemistry for the recovery of metals from ores, concentrates,
and recycled or residual materials. The last one is Bio
hydrometallurgy which is used to perform processes
involving metals, for example, microbial mining, oil
recovery, bioleaching, water-treatment and others. Bio
hydrometallurgy is mainly used to recover certain metals
from sulfide ores. It is usually utilized when conventional
mining procedures are too expensive or ineffective in
recovering a metal such as copper, gold, lead, nickel and
zinc .The precious metals present in various WEEE is
presented in Table 2.2 that indicates good scope for gold
recovery from e waste. Comparison is made between
different metals present in various type of e waste as
presented in Table 2.3 below which indicates there is a
considerable amount of gold present in computers and
mobile phones. The paper presents the amount of e waste
present in various states of India as shown in Table 2.4
below that clearly indicates the huge amount of e waste
produced from India which is one among so many such
countries all over the world.
(Khaliq, Rhamdhani and Masood, 2014) presents the
various metallurgical techniques for the extraction of
precious metals from e wastes. It also highlights the
importance of e waste recycling in the context of
development of electronic technology and rising number of e
wastes. The first part of this paper e waste is defined
followed by providing composition of e wastes. The various
classifications of e wastes are also provided. In the second
part methods to extract metals from e wastes are described.
The various methods such as mechanical processing,
hydrometallurgical and electrometallurgical processing for
the extraction of various elements in the e wastes are
critically analysed. Pyro metallurgical method is found to be
economical and eco efficient if the hazardous emissions
from this method is controlled. Pyrometallurgical method
can be used for the segregation and upgrading of the
elements followed by hydrometallurgical and
electrometallurgical methods of processing for the recovery
of elements to be extracted from the e wates such as gold,
silver, copper, lead and nickel.
(Tripathi et al., 2012) In the rapidly growing use of
electronic equipment, the mobile phone printed circuit board
(PCB) containing various noble metals that can be extracted
by various methods. This work involves the use of
ammonium thiosulfate leaching of gold from waste mobile
phones. The cutting granules of size 0.5-3 mm PCBs were
used and subjected to leaching in a 500ml glass beaker
which is exposed to atmosphere. The effect of various
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parameters such as ammonium thiosulfate concentration,
copper sulfate concentration, PH and pulp density also
studied. Leaching of 56.7% of gold under the optimum
values of parameters obtained. Iodometric method is used to
study the decomposition of ammonium thiosulfate for
different PH ranges. The maximum leaching of gold with
complete PCB scrap is 78.8%.Table 2.1 shows the elements
present in the chemical analysis of the mobile PCBs.
Figure 1 precious metal present in various WEEE (Natesh,
2005)
Table 2 Metals present in various types of WEEE's (Natesh,
2005)
III. METHODOLOGY
The various steps involved in extraction of gold from the
Printed circuit board (PCB) of a personal computer is
provided in Figure 2 below.
Figure 2 Block diagram of the steps involved in the extraction
process
A. Chemical equation
Au + 2HCL Aucl2 +H2
The PCB board circuit includes three Layers copper,
Nickel and gold. Nickel and Copper dissolves while adding
HCL solution that helps the gold to be free for extraction.
Aqua regia dissolves gold, though neither constituent
acid will do so alone, because, in combination, each acid
performs a different task. Nitric acid is a powerful oxidizer,
which will actually dissolve a virtually undetectable amount
of gold, forming gold ions (Au3+). The hydrochloric acid
provides a ready supply of chloride ions (Cl−), which react
with the gold ions to produce tetra chloroaurate (III) anions,
also in solution. The reaction with hydrochloric acid is an
equilibrium reaction which favors formation of chloroaurate
anions (AuCl4−). This results in the removal of gold ions
from solution and allows further oxidation of gold to take
place. The gold dissolves to become chloroauric acid. In
addition, gold may be dissolved by the free chlorine present
in aqua regia. Appropriate equations are:
Au + 3 HNO3 + 4 HCl [AuCl4] − + 3 [NO2] + [H3O] ++
2 H2O
Au + HNO3 + 4 HCl [AuCl4] −+ [NO] + [H3O] ++ H2O
B. Design Calculation
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 Karat=weight of gold pieces after oven step
/weight of gold powder
After putting the gold piece in nitric acid check again
the cart
 Karat=weight of gold pieces after putting in
nitric acid/ weight of gold powder
 Reduction = (weight of pieces before treatment
–weight of pieces after use) / Weight of pieces
before treatment
IV. RESULTS AND DISCUSSION
The experiment was successfully completed at the
Chemical lab of Caledonian college of engineering and the
final step of fire assay technique for gold separation as a
solid mass is carried out at Ministry of commerce and
industries laboratory. The following are the details of the
quantity, quality and microstructure of the gold extracted.
A. Gold recovery from e waste
The experiment was successful due to the presence of
gold (0.05395g). Addition of Sodium meta bisulfite (SMB -
Na2S2O5) direct after finishing the filtration step of aqua
regia helped to get the precipitation. The precipitation that
obtained has dark brown color.
The weight of gold powder =0.05734gm.
The weight of gold which got after heating in the oven
=0.05401gm
For more Purity I put the piece of gold in nitric acid and
heated .Then measure again the weight of gold. The weight
was observed to be 0.05395 gm.
B. X Ray diffraction spectrum
Figure 3 X Ray diffraction spectrum
Figure 3 shows x ray diffraction spectrum indicating
gold and silver .The analysis shows the specimen include
gold with 99.35% and silver 0.65%.
C. EDAX microstructure with % of element present
EDAX microstructure report with details of element in
the sample is presented in Figure 4 below that shows also
the percentage of gold and its purity in term of karat.
Figure 4 EDAX microstructure report
V. CONCLUSIONS
The recycling of e-waste is important for resource and
waste management. Traditional methods of managing e-
waste including disposing in landfills, burning in
incinerators or exporting to underdeveloped countries, all of
which are not permitted anymore. The presence of PMs in e-
waste makes recycling an attractive and viable option both
in terms of environment and economics. I observed that e
waste includes a number of precious metals which can be
recovered by number of steps, Hydrometallurgical leaching
was applied to waste PCBs to recover gold from the e waste.
The results show that the Hydrometallurgical recovery of
metals from large pieces of waste PCBs is possible. The HCl
took less time for the metal recovery and was thus a very
effective leachant. The best way to dissolve the gold is by
using Aqua Regia followed by chemical treatment to get
precipitation. Finally the fire assying technology is an
effective way to change the gold powder into pieces of gold.
The purity of gold and the presence of gold and other
elements are obtained from EDAX microstructure .The
purity of gold obtained is 23.76K.Percentage of gold in the
sample is 99.07%. More over X ray diffraction spectrum of
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gold and silver also obtained that also indicates 99.35% of
gold and 0.65% of silver .Results obtained from the two
methods match closely with each other. In future gold
extraction process can be improved to increase the weight of
gold extracted from PCB by changing the concentration of
chemicals, temperature and by using another method.
Experiments can be designed for extraction of other
elements present in the sample such as copper, silver, zinc,
palladium etc. Moreover time of precipitation can be
increased to enhance the weight of gold recovered.
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